In this issue of Clinical Cancer Research, Fox and colleagues report a prospective tamoxifen doseescalation study in patients with low endoxifen concentrations during treatment (1) . Tamoxifen is highly effective for preventing recurrence of hormone receptor (HR+) breast cancer; however, approximately 15% of patients will recur within 5 years despite adjuvant treatment (2) . Tamoxifen is believed to be a pro-drug with part of the anti-estrogen activity attributed to endoxifen, which is produced primarily via CYP2D6-catalyzed metabolism. There is substantial variability in endoxifen concentration in patients on tamoxifen treatment, and there is some evidence that patients with low endoxifen concentrations during tamoxifen treatment are at increased risk of cancer recurrence (3, 4) . Based on this putative association between endoxifen concentration and tamoxifen treatment efficacy, several studies have prospectively dose escalated patients who have low activity CYP2D6 genotype and predicted, or in some cases confirmed, low endoxifen concentration (5) (6) (7) (8) (9) . Consistently these studies of tamoxifen dose escalation show increased endoxifen concentrations in patients with low-activity genotypes, confirming the feasibility of genotype-guided tamoxifen treatment. None of these studies have detected meaningful increases in toxicity or diminished quality of life, further supporting the clinical feasibility of individualized dose escalation to improve treatment outcomes.
The major distinction between this study and those previously reported is the exclusive use of actual endoxifen concentration on 20 mg/day tamoxifen to select patients for dose escalation, ignoring the genetic surrogate that is predictive of low endoxifen. Using this adapted approach, Fox et al. confirmed that individualized tamoxifen dose escalation increases the proportion of patients who surpass a given threshold of endoxifen concentration without any notable increase in toxicity, specifically hot flashes.
Confirmation that individualized tamoxifen dose escalation is feasible and safe is a necessary first step toward clinical translation, but is insufficient on its own to warrant actual implementation. The association between endoxifen concentration and tamoxifen treatment effectiveness has only been identified in two retrospective analyses (3, 4) , both of which are hypothesis generating, not confirmatory. The initial study by Madlensky et al., while interesting, reported an arbitrary cut point that may predict worse recurrence. The "replication" by Saladores et al. is similarly limited by its retrospective design and multiplicative a posteriori searches for factors that predict recurrence risk (CYP2D6 genotype, predicted CYP2D6 activity phenotype, endoxifen levels, metabolite ratios, etc.). To our knowledge only Love et al. used an a priori defined analysis plan to investigate the putative association between recurrence and endoxifen concentration using a case-control approach (10) . This study actually found the opposite effect of that hypothesized; patients whose tumors had recurred had greater mean endoxifen concentrations than those whose tumors had not recurred. Given the discrepant findings in a small number of retrospective analyses there is insufficient evidence that endoxifen concentration is a meaningful surrogate of treatment efficacy, i.e. the association lacks clinical validity.
It is imperative that valid predictors of tamoxifen (in)effectiveness are discovered for clinical translation. As previously mentioned, in the adjuvant setting, patients with HR+ breast cancer the 5-year recurrence rate and cancer-related mortality rates are estimated to be 15% and 8.6%, respectively(2). Due to the high annual incidence of breast cancer, the majority of which is HR+, these relatively low rates equate to tens of thousands of recurrences and deaths. Subtherapeutic endoxifen concentration may be a useful predictor of treatment ineffectiveness, but the association requires validation in independent patient cohorts, either in retrospective analyses of prospective clinical studies (retrospective-prospective analyses), or directly in prospective clinical trials such as the ongoing ECOG-ACRIN E3018 study (NCT01124695; ClinicalTrials.gov). Confirmation of clinical validity is the necessary first step toward translation of this putative association into clinical practice.
After confirmation of clinical validity, a critical next step would be to develop an approach to individualized treatment. Previous studies have used a variety of primarily genotype-informed dose escalation approaches. The novel element of this study by Fox et al. was the exclusive use of actual endoxifen concentration to select patients for dose escalation. The principal advantage of this approach, illustrated by the secondary correlative analyses described within their report, is that CYP2D6 genetics is not the sole factor responsible for low endoxifen concentrations. CYP2D6 genetics and concomitant CYP2D6 inhibitor administration explains a relatively small amount of the variability in endoxifen concentration. The investigators report that baseline endoxifen concentration, and not CYP2D6 genetics, is the most useful predictor of endoxifen concentration after dose escalation. Their conclusion is that, "the best method for determining endoxifen exposure is to measure endoxifen trough level rather than implying a particular level using genetic or clinical measures." This is undoubtedly true; however, measuring endoxifen trough levels has some notable disadvantages. Trough endoxifen measurement requires the patient to return for sample collection and analysis after at least a month of treatment, based on the known half-life of approximately 1 week. Furthermore, endoxifen concentration analysis has some added cost and is not widely available in CLIA approved laboratories, which would be a requirement if these results were to be used to inform therapeutic decisions.
The alternative to measuring trough endoxifen concentration is to use available information to predict the concentration and select an appropriate starting dose. Previous studies have been limited to only CYP2D6 genetic information; however, there are several other genetic and clinical factors that are known to predict endoxifen concentration. Teft et al. recently published an endoxifen prediction algorithm that integrates CYP2D6 genotype with other genetic (CYP3A4*22) and clinical (age, weight, concomitant inhibitors, season) information (11) . Unlike endoxifen concentration, this information can be obtained prior to treatment initiation and most of it is freely available. The notable exception is patient genetic information, which someday is likely to be available for the majority of cancer patients due to the proliferation of tumor genetic analyses (12) or prior genotyping for personalized medicine. Refinement of this algorithm to include additional clinical and genetic predictors to more accurately predict endoxifen concentration, and even more usefully, to predict the necessary tamoxifen dose for a patient to achieve a target endoxifen concentration, would be a critical next step toward clinical translation of tamoxifen dose individualization.
Establishing the clinical validity of endoxifen as a surrogate of treatment efficacy is the first step toward clinical implementation of individualized tamoxifen treatment. A reasonable next step would be to develop predictive tools that can accurately estimate the patient's ideal starting dose. Endoxifen concentration can then be measured after a month of personalized dosing to inform further dose optimization in an integrated personalized treatment strategy (Figure 1) . Depending on the strength of the evidence that endoxifen concentration is a useful surrogate of treatment efficacy, this integrated approach may need to be tested prospectively to demonstrate that it improves efficacy, and perhaps that it does so in a cost-effective manner. This prospective demonstration of clinical utility will incite uniform uptake of personalized tamoxifen treatment to maximize efficacy of HR+ breast cancer therapy. Patients predicted to be below the threshold are pre-emptively dose escalated by 10 or 20 mg/day. After 1 month of treatment, endoxifen concentration is measured to determine whether further dose personalization is necessary. Some patients who were not expected to require escalation (i.e. #2) have sub-therapeutic concentration and require a dose increase. Other patients who had a dose escalation (i.e. #8) require further escalation to reach therapeutic endoxifen levels. Ultimately, all patients achieve therapeutic endoxifen concentrations, maximizing tamoxifen treatment effectiveness. 
